would not have been possible, and all the clinicians around the PECARN who enrolled 122 children in this study. 123
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Abstract 125
Objective: To compare the accuracy of the pediatric Glasgow Coma Scale (GCS) score 126 in preverbal children to the standard GCS score in older children for identifying those 127 with traumatic brain injuries (TBIs) after blunt head trauma. 128
Methods: This was a planned secondary analysis of a large prospective observational 129 multicenter cohort study of children with blunt head trauma. Clinical data were recorded 130 onto case report forms before computed tomography (CT) results or clinical outcomes 131 were known. The total and component GCS scores were assigned by the physician at 132 initial ED evaluation. The pediatric GCS was used for children <2 years and the 133 standard GCS for those ≥2 years. Outcomes were TBI visible on CT and clinically-134 important TBI (ciTBI), defined as death from TBI, neurosurgery, intubation for more than 135 24 hours for the head injury, or hospitalization for 2 or more nights for the head injury in 136 association with TBI on CT. We compared the areas under the receiver-operating 137 characteristic (ROC) curves between age cohorts for the association of GCS and the 138
TBI outcomes. 139
Results: We enrolled 42,041 patients of whom 10,499 (25.0%) were <2 years old. 140
Among patients <2 years, 313/3,329 (9.4%; 95% CI 8.4, 10.4%) of those imaged had 141
TBIs on CT and 146/10,499 (1.4%; 95% CI 1.2, 1.6%) had ciTBIs. In patients >2 years, 142 773/11,977 (6.5%; 95% CI 6.0, 6.9%) of those imaged had TBIs on CT and 572/31,542 143 (1.8%; 95% CI 1.7, 2.0%) had ciTBIs. For the pediatric GCS in children <2 years, the 144 area under the ROC curve was 0.61 (95% CI 0.59, 0.64) for TBI on CT and 0.77 (95% 145 CI 0.73, 0.81) for ciTBI. For the standard GCS in older children, the area under the 146 ROC curve was 0.71 (95% CI 0.70, 0.73) for TBI on CT scan and 0.81 (95% CI 0.79, 147 0.83) for ciTBI. 148
Conclusions: The pediatric GCS for preverbal children was somewhat less accurate 149 than the standard GCS for older children in identifying those with TBI on CT. However, 150 the pediatric GCS for preverbal children and the standard GCS for older children were 151 equally accurate for identifying ciTBI. 152
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INTRODUCTION 153
The Glasgow Coma Scale (GCS) score is one of the most recognized and widely used 154 tools for assessment of level of consciousness and severity of mental status alteration 155 in patients with traumatic brain injuries (TBIs) and a variety of other neurological 156 conditions. The GCS score is calculated by adding the scores of the following three 157 components: eye response (range 1-4), verbal response (range 1-5), and motor 158 response (range 1-6). 1 The GCS score is used to categorize TBI severity as mild, 159 moderate, or severe, is a component of outcome prediction models and is used to guide 160 therapy. Due to the need for verbal interaction, clinicians cannot use the standard GCS score to 163 appropriately assess preverbal children. Therefore, the pediatric GCS score is a 164 modified GCS score for use in preverbal children. The pediatric GCS uses age 165 appropriate modifications to account for developmental differences in verbal, motor and 166 cognitive abilities. (Table 1) 
167
There has been very limited prospective study, however, of the accuracy of the pediatric 169 GCS in identifying young children with TBIs, particularly in the emergency department 170 (ED) setting. Our prior research at a single ED suggests that the pediatric GCS score in 171 children 2 years and younger compares favorably with the standard GCS when used for 172 the evaluation of blunt head trauma in children. 7 
175
These data, however, require further 173 validation in a larger study. 174
We previously conducted a large prospective multicenter study to develop and validate 176 prediction rules for identifying children with clinically-important TBIs (ciTBIs) after blunt 177 head trauma. 8 
180
The standard GCS score for older children, and the pediatric GCS score 178 for children younger than 2 years, were prospectively collected at ED presentation. 179
In the current sub-analysis of the parent study, we sought to compare the performance 181 of the pediatric and standard GCS scores for identifying children with TBIs on CT 
METHODS
198
This was a planned secondary analysis of a large prospective observational multicenter 200 study of children with blunt head trauma. Information about, and methods of the parent 201 study population are described elsewhere.
Study Design 199
8
204
The methods specific to this study are 202 described below. The study was approved at each site IRB. The ED clinician completed a history and physical examination on each patient and 213 recorded the data onto a case report form before CT scan results or clinical outcomes 214
Study Protocol 212
Author Manuscript were known. Two faculty or fellow physicians independently evaluated a convenience 215 sample of 1,443 patients with all three GCS components documented by both 216 evaluators to determine the inter-observer agreement for GCS. The second evaluation 217 was completed within one hour of the first evaluation. We used the pediatric GCS score 218 6 to evaluate children younger than 2 years and the standard GCS score 1 for children 2 219 years and older. 220
We compared the pediatric and standard GCS scores against two different outcomes: 222 TBI on CT and ciTBI. As per the parent study, TBI on CT was defined by the presence 223 of intracranial blood, pneumocephalus, cerebral edema, diastasis of the skull, or skull 224 fracture depressed by at least the width of the skull. ciTBI was defined as death from 225 TBI, a neurosurgical procedure, intubation for more than 24 hours for the head injury, or 226 hospitalization for >2 nights because of the head injury in association with TBI on CT. 227
Measurements 221 228
The records of patients admitted to the hospital were reviewed by research coordinators 230 for outcome determination. For all patients discharged home from the ED, we 231 conducted telephone or mail follow-up 7-90 days after the ED visit to ascertain for 232 patients with missed TBIs. For those we could not reach by telephone or mail follow-up, 233
we reviewed the medical records, ED process improvement records, trauma registries 234 and county morgue records to ensure that no discharged patient was subsequently 235 diagnosed with a ciTBI. 236
Follow-up Procedures 229 237
Each variable was described for the pediatric and standard GCS cohorts using counts, We compared the patient characteristics, rate of TBI on CT, and rate of ciTBI by GCS 242 cohort using rate differences with 95% CI. 243
We used receiver operating characteristic (ROC) curves with 95% CI to test the 245 Author Manuscript association of the total GCS scored and its individual components against TBI on CT 246
and ciTBI between the two GCS cohorts. To assess for inter-observer agreement, we 247 calculated the kappa statistics for the pediatric and standard GCS cohorts using the 248 Fleiss-Cohen weighted kappa with standard quadratic weights. The 95% confidence 249 limits were calculated using normal approximation methods. A 95% lower confidence 250 limit greater than 0.4 denoted at least moderate agreement. 9 
253
All analyses were 251 conducted using SAS version 9.3 (SAS Institute Inc., North Carolina). 252
RESULTS 254
The parent study enrolled 43,904 eligible patients. A total of 42,041(95.8%) patients 255 met the inclusion/exclusion criteria of the parent study, except that all patients with all 256 GCS scores were eligible for the current study. Those with GCS scores available 257 compose the study population for the current analysis. There were 10,499 patients in 258 the pediatric GCS group and 3,329 (31.7%) had CT scans performed in the ED. In the 259 standard GCS group, there were 31,542 patients and 11,977 (38.0%) had CT scans 260 performed in the ED. The baseline characteristics between the pediatric and standard 261 GCS cohorts are presented in Table 2 . The median age of the pediatric GCS cohort 262 was 1.0 years (IQR: 0.5, 1.5) and for the standard GCS cohort was 8.6 years (IQR: 4.5, 263 13.7). Of note, approximately 2% of the patients had GCS scores between 3 and 13. Table 3 . In each GCS cohort, the total GCS 287 score and all individual GCS score components met the criteria for at least moderate 288 inter-observer agreement (Kappa 95% lower confidence limit > 0.4). 289
290
We were able to contact 79% of patients discharged home from the ED with a 291 telephone call or mailed follow-up form. The remaining 21% had ED chart review, 292 process improvement review, trauma registry review, and morgue review. No patient 293 discharged from the ED was subsequently found to require neurosurgery or died. 294 295 296
DISCUSSION 297
In this multicenter study of a large cohort of children with blunt head trauma in the ED 298 setting, the pediatric GCS score for children younger than 2 years performed similarly to 299 the standard GCS in older children for identifying those with ciTBIs. For identifying 300 children with TBI on CT, however, the performance of the pediatric GCS in children 301 younger than 2 years was somewhat less accurate than that of the standard GCS in 302 older children. 303
304
These data differ from those of our previous single-site study that found similar 305 performance of the pediatric GCS and standard GCS for identifying children with TBI on 306 CT, and a better performance of the pediatric GCS compared to the standard GCS in 307
Author Manuscript identifying children with ciTBIs. 7 
311
This highlights the need to validate prediction tools in 308 large, multicenter studies. Findings from single center studies may not always be 309 generalizable to larger, diverse populations. 310
Modifications to the standard GCS attempt to create a pediatric GCS score which is 312 helpful in evaluating the level of alertness in head injured, preverbal children.
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However, none of the previous studies besides one 7 have evaluated the pediatric GCS 314 score prospectively in the ED setting. The other previous studies were small, 315 retrospective, or conducted in the inpatient / ICU setting. The pediatric GCS score 316 evaluated in the current study is one of the earliest proposed and most widely used. The scoring for eye opening is similar to that of the standard GCS score, however, 318 modifications are made to four of the five verbal components, and two of the six motor 319 response components. These modifications are necessary to evaluate preverbal 320 children who are verbally and developmentally limited, and unable to follow commands 321 or answer questions. 322
Despite its nearly ubiquitous use, the GCS score has certain limitations, including 324 variations in inter-rater reliability, predictive validity, and difficulty in assessment of 325 intubated or sedated patients. 15, 16 To further explain these limitations, researchers have 326 sought to demonstrate predictive abilities of individual components of the GCS score. 327
Prior data in adult patients suggest the motor component is more important than the 328 verbal or eye responses and may be as useful as the total GCS in identifying those with 329 TBI.
331
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330
In the current study, of the three components of the GCS score, the verbal component 332 demonstrated the best test performance for both outcomes in both age cohorts, 333 whereas the motor component demonstrated the worst performance. In adults with 334 severe head injuries, the motor component of the GCS has been shown to be the 335 component most strongly correlated with injury severity and outcomes. 18 One small 336 trauma registry study of 96 children up to 18 years old with moderate-to-severe head 337 injuries demonstrated similar findings, 21 as did a more recent retrospective review of 338
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seriously-injured children. 22 In a previous study of children with mostly minor head 339 trauma, however, the verbal and eye components were somewhat more important than 340 the motor component consistently, but this did not achieve statistical significance. 7 The 341 identification of the verbal component as most strongly correlated with TBI in the current 342 study is consistent with these previous data, likely because the great majority of patients 343 in the current study had minor head trauma as defined by GCS scores of 14-15, as was 344 the case for the previous study. 
349
The verbal component of the GCS was the component 345 most likely not to receive the maximum score in both age cohorts. This likely supports 346 its better discriminatory power, however, it is also likely that this variable is the most 347 difficult to assess in preverbal children. 348
The pediatric GCS used in this study removes one point from the maximal verbal score 
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This study has certain limitations. Only 36% of the study population underwent cranial 370 CT imaging. It is possible that some children who were not imaged may have had 371 traumatic findings on CT. However, clinical outcomes were recorded for all patients, 372 and our main outcome, ciTBI, is a clinical outcome that does not require neuroimaging. 373
In this study we used an age threshold of 2 years to define the population of preverbal 374 patients for whom the pediatric GCS should be applied. This age threshold is 375 somewhat conservative as some children older than 2 years may still be preverbal. Use 376 of the 2-year age cutoff would potentially bias against the accuracy of the standard GCS 377 and thus could worsen the performance of the pediatric GCS score. Prior studies, 378 however, have used a similar age threshold. 
382
Finally, because we studied only one of 379 the several versions of the pediatric GCS, it is unknown whether other modifications of 380 the GCS for use in preverbal children may enhance its performance. 381
CONCLUSIONS 383
Although the pediatric GCS score for evaluation of preverbal children with blunt head 384 trauma evaluated in the ED was somewhat less accurate than the standard GCS used 385 for older children for identifying those with TBIs on CT, it was equally accurate for 386 identifying children with ciTBIs. Therefore clinicians and researchers can confidently use 387 the pediatric GCS when evaluating preverbal children for ciTBIs. Table 1 : 388
Comparisons of the components of the standard and pediatric GCS. Author Manuscript
